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TO: Distribution
FR0M: ¥rteriale Resenrch Greup, 592-1
SUBJECT: lechrnieal Properties of Titerimm and Titaniwm Alloys et

Cryogenic Temperastures.

ITRODICTICN

Very lcw temper-tures are srnccuntercd in current rné preposed missiles znd
eroce veldcles due to the use of eryoscnie prepellnnts ruch es liguid oxyren

ené liguid hydrogen (beiling points ¢f =2979F and ~L520F r95ucctively) end

in cuter s;-ce. Therefcore, the jrererties ¢f ensircerine meterisls et thece
extremg rubToere tedrtr:tu:es are bveccring cof prizme imperisnce to the design

engineer,
| The primary yurycec of this invertipaticn was te determine the mechanicel
g creperties ¢f celi=relled cenrereially rure titaniim rnd several titenium
; brre 2lleve in order tc evalurte their usefulrees for structursl epplicsticns
: ~t erycrenie temper-tures. It wns also the purrece ¢f this pregrem to core
; re: Lte necwrriesl rrererties with cuch veri-blee zs cherdstry, inpurity

| determined. The rotcred/ir:ctehed rotics were determined sf m fureticn of
tenpersture in crder te evniuste the tcushress, hinh

terns cf resistance to brittle {racture, cor retcln

& ncicred s

«
be

(-+

o«

‘)

welced jeints =ne fetigue rrd burst teste of preccure vessels mede of 301

;
| tomotened teneise rotics ebtwineo with this velue of Ly cver & range of terp-
f reliures from Vi€ to =4i3CF {Ref. %), Irte were obtsincd cn syecimens with

: lecs scute notches (e.pe, By of 2.5~%.0) =nd were fcund tc be less dlscrizine-
: tory tutweern teuwsh znd k.,tt*g r'tarzn,., in f'ct “chrev/Ln:cthc 4 reticse

| S, e e+ e e e e e e e e

AE AN S il ]

_ 14 Cetober 1960

Cue tc the roar athceolute zerc terrerctures ernccuntere urnder certrin conditions

! centernt, :;c‘c=t“"“t"'e, [rirary working ond hent trestment in crder tc detter
un;-rctf:d the rede of deflerz~ticn “nd frretuwre cherecterictics of titanium
end Ite rllcye as ¢ functicn of temrerciure. /[rother puricse wes to meoke
delinite recormendrticns fer the fuvture develcizent of titanium nlleys in order
teo irjreve their trerertics ot eryesinic tenrer-turees. Tie moterials tecsted
In tiilc yrerron irciwie ceio-rclled TSR cemmercinlly pure titonium (AMS 4301)

. nnd the fellowins titariwm elleyct 5A1-2.52n, £'1-50r-5Crn, 6A1-4Zr-1V,
7A1-120r, $r1-iCb-1Tn, ©71-01.7°Cr=-1.2%Fe, €71-4V, rrd l,”-;¢C“—)Al. Trece
revrecsent tne =11 alph-, the elrhe-bet=, znd the 211 tete type elleys of which
ceveral were Tecied in varicus tenpers erd in vericus forme ( sheet, plete -nd
forging stock).

Feny inve"t*g‘t*cn~ hrve been m-de cn the low tenperzture preperties of
titonium slleye (fefe. 1,2,7,4); howeveir, in rdéiticn t- the detcrminsticn of
tencile nnd el-:tie jroertice rs o functicn cf terzerrture, netched tensile
rreerties anc noucnzd/hprovc“ ed ternsile retics #nd Crmryy 4rpact values were

je cften referred t¢ in
itivity (Rele, 5, 6, 7).
vecinen with e stress coreerirstion Inecoor knt) cf 6.2 uns relected
for use In tnic inverstig-ticn becrure rrevicus axiel fetirue tests of curplex
19

extre ful]l r~rd stainices rteel exribited exce lent correi~ticen with nctc*ed/
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cf rear unity were cbirined on ccme moterisls which were kriown to be brittle
(zef. ©). H tie cther exirere, hewever, stress cencentraticn factors of

15 to 1B n-ve beern emrleycd by cere in“oc*‘ cetore (Ref. 4) rnd these tects
generei leng tec moxke =ll roterisle srrenr brittle. Tnus, noteched/unnotched
tersiie retics using a Ky of 6. 3 heve 1 roven tc be both diserinminatery between
tcuzh angd brltt*e msterinle and te correlete with service behavior.

FATIRIPLS, TECT SFTCINVERS MND ATPEIRATUS

The titeriwum 2lloys used in tris investip-ticn ord their history snd chemieal
enalyres ~re listed in Trbtle 1. The tersile cprcizens used in this investipa-
ticn ere chcun in Fig. 1 and 2. 411 tensile epecizens were inspected and
indivicdurlly rescured for sren cetermin-ticn. Yctered specirens were inspected
and me-cued by moons cf en cptienl ccmpsrator, nand nll rpecimens out of
tclerance wei ¢ rejected. The siress cercertr-ticn freter (ht), ac determined
b wos 6.3 with "in telerence" limits ef 5.7 to |
1/ wicih rotween ncicres !
ra.iue c. Loe nelen

7.1.

The testins srreorstus consisted ef 2 £0,000-15. Bzldwin universal teeting
crendine ecudjred with 2 continucus ¢ gs-ctrein reccrder and gtrain r-cer. ;
Sirnicrd extencometers were uced et room tempernture end o creclally deripned
erre—exterceneter was uced at low teorperaturesz. Srecielly constructed
crycetets vere ured fer tecting =t cub-zerc “ox-eresturers; a sxell open cryvestet
fer =109 il =320CF, end » roz-ticnt crycstet insul-ted by e veeouum chember,
lizuid pitreren J-cket -nd feriod relywretheone, fer tencile testing at--423CF, |
b 0031 geceriyticn ef the cryostat, erve—extens _pte*, and sccesscry eguip-
rent, eg well 25 the caflety fe-turer end repidity cf tecting cen be feound in
Ref. 9. The tencile mochine, extsnccieters and accesscry eguiprint were
Ffrioaically checked end caliibrated,

P ED: 72 L FROCELURE

Tensile terts were perfermsd ot TECF (room texiersture), ~10COF by inmersion
i ice rna slechel, =320CF by imersten in licuid nitregen and
tv Lrrersien in 1fcudd nydre-rn. Terts were ccniucted =fter the
rens coze te texmer-ture rs Zelernmined ©y a cernrer-cenctenten thermo-
€ 1 tc the tect cectien., Timss required to rench terjerature were ;
frem 3 te 6 minuter ~frer ir-erst ten. The co Okvu tencilie cpecimens vere tested !
cirnin rete ¢f 5,001 4dn./in/sinute te yield, follewed by e rete of C.15
fr-cture. MNcichec tersile sypocimens were tected at C,O0C :
in./in./rinute, <o deternined by extensemeters, until frecture. Yield strerctiel
were CEtETLJH‘i fren the coriinucus ctrecs-sirein cwves by the 0.2% offset
rethon, Llonratlcns rererted herein sre tctsl elonsniione ee determined by
soribe marks cn g curface dye =nd resd et 10X megnific-tion cver a 2-in. gace
sengtn for fint tereile erecizens end = 1- > e

0

p.

b
?&

ot

}- *’Ha

nm 1o 5
> "'j o

=in. org rglh for the round test
brrge llnrdnesc memsurenents were mace on & Foekwell surerfieial torter on
the 15-Y stule ot reom terferature.
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EYITRIMINTAL SESULTS
The nechoniczl preperties (tensile trengthe, 2% vield *trengthf and elong—
aticnc) of 324 cold-rolled 75-R ecrrercislly pure fitenium from +78
-Lz3CF ere rerorted in 7-2le II. S-bles ITI w VI precent the mech- ical g
rroverties < feour diflc¢rent heste of 502-Z.57n titznium a;lcy (A-llOAT) et |
7€, =10C, =220 ond =4{Z3CF. These t-bles incliuce the tensile rrcperties of
helizr Lutt welded Jeinte ac vell o5 bree metzl ond nctered data. Tsbles
VIItiru XI rerert the mcchnicrl rreierty dota cbtnined en 521-52r-55n,
OAI~L7r-1V, T41-127r, €£1-:2Tb-17s, -nd 521-2.75Cr-1.25Fe titanium allqys.

Tzhles XII trru LIX ccntrin tensile »nd Cha I3 irrnct deta on 621-4V elloy
in the znnerl cciuticn trested, -ni rclutficn trerted and eged cencditions.

-

be
Data on tne

in Tables XX

TICCUSCICY OF BECVLTS

ll beta titenium alley, 12V-11Cr=3A1 (8-120VCA) sre precented
XX th

wruw XXI1.

firce

rot subject to generelicaticns, ench elloy will be discucsed serarately.

the behevier of titaniwe and its ellcyr ot cryosenic temperstures is

200 Ccldé-"cllo2 Ti-758 Comrercially Fure Titeniug
“he mechnic~l prorerties I the base retsl are rercrted in Trble IT. Of
immediste interest is the fnet th-t the rocm tercersture tencsile end yleld
firencthe Lirve been ccnelderedly incrersed by colé-reiling the meterial 30%.

cwever, tre foet that ire notched tensile strencths »ré notched/unrotched
tenrile ravice sharyly decline with reductfien in tesiing ‘emperature indicates
‘het the meterial is not rultcble for structursl spy licsticns ot cryogenie
terzireturec, It is feliv thet the lcw teg.ﬁ*”tL”e erbrittlerent cf this
meieriel ir rrily cue ic the bipn intirstitinl (€, Oz, %2, Ho) ~nd impurity

[

S21-0.50n Titsnium (£-1102T

re the "c‘c-*c‘liﬂg. Furirer receerch on the low
}r:*crtlcc cf Ti-45h rr‘ Ti=552% (£1T 4900 =nd AXS 4302)
rial in the nnre-led condition is being planned.

T-bles III thru VI present the dotn obtﬂ;rei on bese rrtal and weld jeints of
SA1-0.55n titanium ﬂllcy frem TEF 4o «4230F, Fowr different heats of
materiel hrve boen tectrd 0ll in the mill anhealev ccrniitien with sheet thick-
rnessee rerpins frem 0,000 to 0.063 irches. ‘

It ie sifmificernt teo ncte thet <he r.etehod/unnctened tensile ratics are quite
hirh fer =11 fcur hests dewm te =320CF.  Alrce, the nciched tensile strengths

centirn

materirle {T-blec IV =nd VI exicrierce s cecre~re n notched tercile strergths

and nctehed/unnetched tensile roties frer =320 te —.23°P. This indicates

ccre derree cf exiritilement of thece reterials ot =422°F., ‘Yicteh tensile |
. . e ,- - - PO

strengtne of the 020 ang 040 irch sheet moterials {Tenlec 111 =nd V) continue

U RS RELE

te to increrse to -S?COI. Hewever, tre 027 and 063 inch sheet
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te increase down to =L0297 =nd tae rnetched/unneten-d teneile retios remain

quite hizh {0.37 end G.20). The re-son Jor the prrtial erbyittlement of the
befcre materizl ne-tr iz felt 4o be due to their hisber intercitial content
(€, Tz Ty Ya)y which rlro expleins why their reow Temperature tensile end

yield ctre:;:is sre higher then for tre low interetiti=l content hents.

.cst heet trertment

Mechenierl yreverties of heliare butt ve T
s e neile efficiency and

13
A
sr.ov nearly 1CQ~ ve
4
!

104
1d

cr doutlers cttrchod) !
er;recisnle ductilitydoin te =423 °F.

ts of lerpe welded jeinte (35" leng ccoupen 4% 4n width

4
with trancverse sre butt joint rote h ne filler zetfl cdded, =nd in
ss-welied conc were run cn the .0 irch sheetl mrterisl (Tnble V) =t
+72, =370 -n o The frecimens v ore axielly lezded to 700 of their
tyrical yield th r1 exch terersiure. Mcre than 2000 cyclee were cbteineﬂ
£t rcem teo (pradmur strezs ¢ 100,0'3 £i) nnc gt =2Z0CF (riress [
level of Ll vei) witnout frilure er indinticn £ failure (crwching)
£23 cycles wrre cbiained nt =127 {l1rers level of "" ,000 psi) without
feilure in t-€ tect seciicon (grecizer foilel in end LC;bLCr cdue to {he nature

5

thrt 521-0.5Cn titeniam sizoy retaine cufll u-anese fer structurel

~pplicaticnz at =4I12CF. feccni.y, thot sirdicnt b

pest trestment or dcublera 1r 300+ eflicient ¢

thnt tne verr I-rre incrence .

frem +78 1o ~4220F) moy be ueed to '~Vﬁntf"e in th
Feimi s're ¢ cnly while et Zow temperature.

cf tre tert coulrzmertj. Tnese terts velidnte three Imrcrtent pelnts. First,
o
<

1iemc butt welds without
o ~,239F, And, third,
ir
g

.l
'y
n

1
o

enzti:s (100% incresse

e ciructures which see

Cf tne lsrpe nuier

cf ¢ wn eslors {estv‘, the 581-2.5%n n)lcy is the cnly
cne being recomenaed ot t
e

ime for structur-l use in liquid hydrogen
2t the rrn’*led €ti-iV-titsnium £llcy nay pessess
T A5 the intercstitiol ccn\rrt were kert very lew,
lover thern precently fourd in cemmercisl heetse This peint i beins further
investicrtec, Thne Sf2-0.07n titenium ellcy ie reedily evsileble in gauges
nigier 13 =noelfert Lo rroduce 0,010 inch material by |

cnleonl g rrecently veins mzce. Recslstance
,.¢—2.5Sn ellcy tc itrelf eor tc comrereinl

tr nt CV=! rreduction weldin( eguip-

e ¢ rerlistence spot
ien vadlng may
ccticene, in particu-;

(~.229F). It i pescinie v
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Tre mechonie~l rreverties of the =ree metal snd he
this rllcy ere rrerented in T-ole VIZ. Yetened tencile strengiths end nctched/
urrctehed tensile rrtiecs indle~te rufficient teoushnese teo -320CF but partial

ercrittiezent at -4ZZOF. Welded jcints were nerrly 107% efficient ot all

testing temperaiures. The microstructure of this allcy showed a smell ameunt
cf bete phrese present wnich mry -~cccunt for the exbrittlezert st -4230F,
elthew h recent inforrnticn indiestes thet the zircernium alleyine may be
recroncible fer the low tererciure emorittilement.

r¢ btutt welded jJoints of

].3 F-‘

Gr1=s7r=17 Titapium Alleoy

Tnvle VIII rrecents the mechronical rrorerties of this alloy. This moterial
exnibite ertrittlienent st -320 cnd et =422°F ar determired by notched tensile
testing, Gne subrianticl rmeunt of beta precent in the niercetructire and
the centinmtlion of eircernium and vensaium is prob-bly the couse for low terp~
erzture exbrittlement.

Pre12Zr Titeniur tlloy

be seen in Tenle IX, thie rlley elro experierces scme embrittlement

“nd =423CF, The zircenium allcying centent is felt to be much too
erycge: 1c op; lic~ticne. Yete in Toble I thrt the interstitiel content
K2, Hp) of thic materisl ir cuite lcw, which is further evidence that
cenium cvntente in titanlum crusce lecw termrersture embrittlement.

V.4

~2%b=1Te Titonium Alley

Thic eolley retnine rufficlent tcurhnesrs fer structurel spzlicrticns te =3200F
but exyeriences zcne embritilement ot =4i39F (eee T:rdle X The tenecile and
yielid stren—h of thic allcy is 15-27% higher thrn for tre lcw interstitial
22l-2.5n pilcy, therelere there ic interect in further develcpment of this
reteriale As may be seen in Trble I, tre intercstitial ccentent of this mzterisl
ir very leow; hruever ir felt th-t o "**ll chenige in thc 2lleying certents

of thisz mater: ow ippreved teushness et -422CF.  fnotier allcy, 8Al-
1le=1V, i=s precertly be;nf evalu-ted for low temperetura ure.

0y b n]
ladit]

o

N ey -~ P . -~ X
P lal 75 e (TBTe Titeriva Aoy (FS-140)

Tereile prererties end Corroy imprct valurs of cnnesled encd heet trested
rateriel rpre precented in Tr-ble XI. It is felt th-t Turther testing iz re=-
€ iat

cuired tc fully evrlusv
an ep,.reciculie decresce
in testins tenperature.

- , hovever Charpy imp-oct velues indicate
n teughness of the zrezled mrterinl with reduction

611-4V-Titapium *1lloy

YMechrnicel ;rererty dota on thig 9*‘cy bed 17 Tebles XII thru XIX.
‘red anne

¢
Irtn have heen chte cn ihic sliicy in tre mil aled, in the scliuticn

— e e e e e e e e
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trented 2né In the ccluticn treated snd eged conditiens. Typiezl preperties
of feour heate of zrronied €AI-AY =re piven &n ﬂblec XII thru XV. VFetched
tercsile det S neierew/un ctehed tepsile retios indicrte good toushness
te =ZI0OF with partisl erdrittlement ot =4I20F, ;itan;'" Fetels Cerpereticn
)
C

]
!
|

c¢f 'xrics n arrrngcd tc trovide CV-F with high purity ssrples of ennealed
oAW—AV-Ti ellcy cheet } nving very leow tpr°titiql certents to determine if

felinre butt welde rre ne-rly 100% efficient et 21l testing tenperstures.,

L-te cn the ccluticen trented aller eare ;iven in Toble ¥VI. Xotched tensile

dela irncdicrte 5 Righer cdspree of erbritticment at erycgenic tenperstures than

corerved in the srrenled conditien. Toblee XVII and YVIIT prescnt date on
ivticn cuenched ﬂnd ercd OA1-4V titeniux slley. Test srecinens vere yrerered

shericsl starrge bettles ured for helium pressurization
ewm.-tice cystems Ecoth netched tencile date and Charpy

p& byt

o Bs | o
e )

o

m

the 24 "C.LDW" g3
Mlnr ¢CFF n

! irpect velues indicnte tils alley reteoins sufficient tcu rzmess fer siructurnl
uge et ~320CF. Tnble XIY yrectente irfeormrticn chtained onm €21<(V fu:ion welds
using trree different filler metals {(621-4V, 2.501-2.5V, and 75A corercially
rure titanium) nnd tested in the stress relieved and hent trerted cenditions.
Tencile dote and v.“rpy ir;ect velues are rercrted., Chcice of filler metal

would be de:erdent uren application.

12V=11Cr-3£1 Titenive Alley (B 120 VCA)

This 3¢ on 511-

r~tic ~t reco t

bcth *"l icn rrneeg
et

teniwr elley knewm for ite hich strength/lensity

er reinp. Tobles XX thru XII rrecsent data on i

lution nnnealed -nd sped meterial et recem end

hed tensile dote =nd Charry Iimprct velucs indicate
ttle st «720CF, threrefcore thic elloy ie nct recen~

wal pryliceticns at extreme sub=zero tezyeraturee.

0] tT

Pm-ed uren trecent **“c'*'ticn tre fellicwing rececnerirticne ore mece cencern-

inc ire use cf titenium rlilicye fer strucx'*al ap: licaticne =t crycgenic temp~
er~tures. The only titanium r1ley which is rwcormxn ¢d et thies tirxe for use
=t ilguld hydreren temuerntures is the 5 Al-2.5Sn alilcey,. cwevir, crreful i
ceniTold cver Interstitizl centent is regquired te incure adecuste tcurhnese at |
-4L22%7.  Sever=l titsniut nlleyc ey be erpleyed frr strvcturel use ss5 lovw as
~2,7CF,  Thece include CTLeAV (Votb rnrepled snc nert trested), SA1-0Co-1Te
ead 5£1-52r-fln titenium alleys {ermersled cornditd n\ 2enin 1t i peinted cut
tant low interctitisl Zev elq are reculred in e1l the tit-nium s2lloye =25 well

! =s comzercinlly pure tit-nlium in crier to =zchi' ve m-xirux tcurhnecs st sub-zero

terfer-tures.

It is aprrrent fram the drta cbt-4ne? in this

v,
I
<

5 th-t ceveral met-1lwrplieal
fretere ~£7ect the low tempersture hrittle fre

h od
turc w”-act rirtics of titaniwm
ol

: rnd its ullcys. 84 ;ﬁ{wrry‘iﬂ} ¢rtance »re micrectructure chermicstry, end
Impwr ity {(ircludine interciitiznic) content of 4he moterisl. There i come
. e e e et e o e e R O

Pl NCOA 762
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evicence thot certein alleying elements (such ss zirconium) edversely affect
the lew tempersiure toughneco of -itenium alleye. £lro, it ie quite avrp-rent
from this Investipaticon n: well n: sever-l cther ciuiies thet high interstitielg
“n3 certedn inrurities prCfote tritile freocture in titeniun and its =lloys.

#ileys hovinrs on cll-bete nicrestructure -re brittle st reduced temperestures.

A ctucdy cf 1nct micro"rr;rr cbteirez on froctured surfrees of tensile sreciren
iraic-ted thet there moterisls with Cine rrained ecuisxmed structure (either
~irhe cr siphs-beta) reisined gre-tor tzurnness £t ceryc-enic tenrersiures dhan
thore me ,z*iﬂ_x.s ‘ith & ccurse rreined trencfermed structure (e.r. the sclutien
tre-te. ©f1-lV rnd 12V-11Cr-381 =2 cve)e The prer toushness of tre cold-rolled
T5h co: c’ﬁ;iy rure titrnium ceeme te incdi

e rcicnt e that ceclc-relling mey heve &
deleter icur effect cn the fracture preperties of titenium st sub-zerc temp=-

er-tures,

It iz recornended thet furiier recerrch be cornducted, terticularly in the field
ef elicy cevelerrent, te preduce hisn ctrengtn titrriur alloys fer structural
uce ot crropenic tempersturee

CONCLUTIONS

1. The 5#1-2.55n titenium slley retaine sufTicient tcuchness in both base
mel=l rrd weld jeinte for siructurnl rr;;lic-tien deowm to liguid hydregen
terperatures (=4:3CF) previded thnt coreful cortrel over interctitiel
centent is mzintnined. The lsrre ircresce in tensile rnd yield strength
of the 5Al»g.5 Sn aller with recducticn in tenperature mey be used te
edvartoee In miscile structures when nziinmun etrece occurs while the
nmterial ie cubjected te sub-terc ternpcratures, cuch thet low tempereture
decipn allecwebles can be used,

2« The follewirg titenium elleys moy be uced fer siructural epplicoatione as :
lew as =220CF but nct st =LIZCF: (21-LV (beth enrenled end sclutien
curncked ené rged), .$21-2Ch-1Ta, rnd 5A1=-52r-5S5n.

3¢ The 13V=11Cr-2°1 titrnium -lioy cfferc & nirh strenpth/dencity materinl st
reem tormrersture hut i onet rocoerAded fer cuhessre rprlic-ticne beorure

cf excessive ernrittliensnt 4 lcu tenjeretures.

N

i

Le Ceveral metelilurgics]l freters ~flect the frocture chrrrcteristies of
titeniwn -nd itc ~llcye £t crrepenic temierstures. Ciiph interstitisl
ccnternts rdvercely nf’(“t< he teurnners =t cryveocenic temper-tures as vell
g cortein nlleylrr elemcrts {eor. 2irceniun). Cre=ter t curhnerse is
obtalined cn moterdsls sith f;re greinre ecuirked microctructures then with
cerrse sroined troneforned zicrectructures. Cceld-rclling hee & deletericus

ffect cn low termpiersture tChCAnCSS-

5. Further recesrch fhcul'q be ccriucted, b
cevel c,rz i, to provice mcre tﬁtﬁnia =1lcy
res- Sor structLryl ey llc icne mU cryegen

(=]

cr7y in the area of alloy

cul
g with irxproved strength erd ttughe
ic tv rer tures,

A The e
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Fig. 1. Flat tensile specimen (standard).
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0. 0005 Typ.

0., DO2OHR.

Type "B" Notch - ;: = JU (3. 6-11. D)
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Doublers Spotwelded to Specimen Tyvp. 0.504
See Note A

Fig. 2. Notched tensile specimens.
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YRG=-182
Ioage 12
| TASLE 11
Meci-nicrl Proreriies cf aitendiva, 75-t Cemmercislly Pure
0.012" Crheet, TICR, Hest M-9656, 30% Cold Rolled
TEST TIRECTICN Fy F, el. ¥OTC:FD T.C. NCTCHED/UINOTCEED
BP. el R (r=fa) kel ~NSIIE RETIO
+78CF Long. 121 138 5 149
Lorg. 2l 136 5 41
've. 11 137 5 145 1.06
+78°F Trans. 122 W5 5 165
Trens. g U1 5 163
‘ Ave. 122 1,6 5 164 1.12
|
i -60CF Leng. - 154 - L5
‘» Long. — — — 4
;} rve. -~ 15, < iﬁ% 0.95
} .
| ~600F Trans. - 7 - 17
| Trens. — 12 = —
‘ Aveo - 172 - n7 O¢68
-320°F Long. - 21 5 151
Leng. = =2 3 153
Ave. - 212 5 153 0.72
-3200F Trens. - 210 3 122
Trens. = 22 3 137
Ave. - 211 3 130 0.62
|
| -, 23°F Leng. 217 233 1 128
{ Long. - 241 1 130
Long. — 228 __ i22
| Ave. 217 23 1 127 C.54
‘ ~%23°F Trans. - 237 1 121
‘ Trans. - 241 1 125
Trans. — —_— e ;9_5
Ave, - 239 1 1 0.49




MxG-189

Page 13
®  TABIENI |
Mechaniesl Freperties of Titanium 521-2,5 Sn Alloy
0.040" Sheet, TMCA, Heat M-8465, Mill Annealed
TEST DIRECTICN P r el. YCICHED T.S. NCTCHED/ HELIARC WELD JCI
TP, b 4 tu (r;t:é,.s) ksi UNOTCHED  BUIT WELD  EL 3
TENSI T.S., ksi %
ksl kst & EATIO
+780F Leng. 113 18 1 154 122 1
lcng. 111 21X 19 153 . 121 13
Leng. 14 17 19 162 120 13
Lens. 13 19 19 163
Leng. 1 119 2 — — —_—
Ave. 113 118 19 158 1.34 121 12
+78°F  Trons. 11, 120 1, 159
Trens, 5 10 3 —
Ave., 115 120 BVA 159 1.33
-1000F Long. 134 10 17 174 11 10
Long. 36 UL 20 174 u2 12
‘ Lorg. R T P/ B ] 176 —_ —
tve. 135 L2 18 175 1.23 2 11
-10Cop Trans. 137 144, 1
Trrnse 237 U3 1
ve. 137 BV 11
-3z0°F  Long. 1 137 1 22, 190 2
Long. 185 196 18 227 193 11
Lenz. €2 195 18 22 ‘ 194 1
Long. 184 191 15 229
Leng. 86 137 16 — —_
Ave, 184 156 15 226 1.15 192 [
-3200F% Trens. 186 137 1 219
irens. 184 0 1 221
Ave, 185 139 b5 22X l.11
4239  Long. 227 248 U 235 234 3
Leng. 237 246 14 244, 225 0
Lonm. = FINN - 232 240 e
Long. 225 248 15 221
Ave, 13C <47 15 22 0.97 23 4
-, 23%p Trane. - 243 9. 202
Trans, - UL 10 - 213
ANl 225 :}.8 15
kve- 2)3 'LJ*L 1—1 2F 0085



TEST

TR,

+78°F

+78°F

-100°F

-100°F

-320°°P

-32007

-423°F

~423°P

[
Yecrericel Properties of Titeniur SA1-2,.55n

TABLE IV

MRG-189 C
Page 14 e

0,027" Sheet, TMCA, Hest M.0048, Mill Annealed

w

o 1
ksl
123
123

123
123

124
124
124

141
148
142
146

146
148
147
195
195
194
195

191
204

108

236
LA

238

232
230

231

Peu
ksd

133
133

132
133

131

123
132

159
160
161
160

156

121
157

210
209
210
210

207
216

212

259
259
229
259

255
254

255

el.
y S

15
15
16
15

14

14
14

15
15
n
15

14
14

14

17
17

1%
17

13
15

%

o ow ohRo

NOTCHED T.S,

178

178
176
177
177

195

195
189
190
247

247

235
241

238

223
194

209

216
211
212
213

NOTCHED/UNNOTCHED
TECILE RATIO

1.34

1.34

1.21

1.12

0.81

0.84



e . N A }A-G’L;}Jg

} age 1

® | TABLE | IV

Yechenic-1 Prorerties of Titanivm 5A1-2.% Sp

0.020" cheet, Resctive Metals, Heat 31387, M1l Apnealed

ST DIRECTICN  Fy,  F el. KCTCHED T.S. NOUGRED/  EELIARC WELD JOINT
TEMP . tu - (K,=6.3) kst UNWICIID  RUTT WELD  EL EFF
TENCIE T.Se, ksi % 4
ksi ksl % RITIO -
+78°p Lorg. 1M 122 12 154, 118 7
Long. 111 123 12 17 124 10
Long. — —— e —_— pyrl 2
Ave. 111 I3 12 151 1.23 121 9 98
. <423 Lons. 230 245 5 227 252 2
Long. 247 260 3 07 9 1 -
Long. —_— —_— — —_— 3
Ave. 239 253 % 217 0.86 267 2 100



Q2]

T

[
t:

%g

+78CF

+760F
-100°F

-320°F

-423°F

-4, 23°F

Meehenic-l Prevertles of Titrpdue 5£1-2.5 Sn Alloy

TABIE

|} §

0.063" Creet, Crucible, Fest D-2073, Mill Annealed

PIFECTION

Long
Lenge.
Ave.

Transe.

Long.
Long.
Ave,

long.
Long.
Eve.

Leng.
Long.
Lorg.
Ave.

Trans.

12

F

122

1,6
146
201

203

257
258

<58

153
153
212
216
262
264
263

o GRE 58

~l

197
186

Vog-1dY

Page 16

NOTCFED/UIMOTCHED
TENCTLE RATIO

1.34

.31

1.15

0.71



TEST DIRECTION
FENE,
+78°F Lors.
Leng.
LCHC.
Ave.
+75°p Trans.
Tronse.
AVE .
-100°P Long.
Long.
Leng.
Ave.
‘.IELD°F Trens,
irans.
bve.
-320°F Leng.
Leng.
Lorg.
Ave .
=3200F Trans.
Trans,.
Ave .
4L 23°F Leng
leng.
Longe.
Lve,
-, 23°F irans.
'Ira.ns .
Ave.

TABIE VI

v choniesd Proierties of Titrniusn S5A1-£2r-5 Cn Alloy

00062" Sheet, TI‘BA, Heat V-M&'

ksi

120
120
122
121

120
220
120

16
145
P
15

143

5
i

143

132
192
3
132

188
206
17

230
<29

~

«)5

22
217

£ b
——

221

tu

ksi

125
127
26
126

123
123

151
150
150
150

1.9
9

“~

209
208

204
203

N
PRVFN

254,
265
=8
62

256
254

el.

L

18
17
17
17

17

i1
17

17
17

18

17

16
17

—

17

16
17
17
17

ot EREEE GB&

M1l Annealed
YOTCAIED T.S. VTICHED/  HELISRC WELD cInT
(Lt-c.i} ksi  UNNCTCIED  BUTT WELD  EL EFF.
TEYNSLIE TSe, kst % 4
RATIO
155 126 17
155 126 10
155 27 gj
155 1.23 126 100
155
B
15 1.27
181 151 7
182 151 16
181 223 16
181 1.21 151 13 100
181
180
181 l.21
204 207 5
150 209 7
202 210 9
199 0.95 209 7 100
185
21
lce 0.92
181 A2 2
178 242 3
8 k2 -8
183 0.70 242 2 92
161
165
163 0.64



TEST

TP,

+78°F
+78°F

-100°F

-320°7

-3200F
-423°F

-,23°F

TABIE VIII

3 e -

i et
cawmiCH

Fage 18

Mecnenical Froperties of Titeanium 6!1-~,2r-1V Alloy

0.050" Sreet, TMCA, Heat V-1166, Mill Annealed

DIFECTICN

Long.
Long.
Ave.

Trense.
Trans.
Ave,

Trans.
Transe.
Ave.

Long.
Ilong Y
bve,

H”ns-
Trans.
kve.

P
R

137
136

137

137
128
137

160
159

160

207

~

< S

<12

218

——

218
266
261
LA
264

26,

ol
nc;q

k& KIEE

Bleke &Gl &&

kIl B

cJ ~ wvhrw

197
U
186
184
165
169
171
151
150
157

152
155

%OTC ED/UNOTCHED
TENCILE RATIO

l.2

1.2

1.17

0.81

0.76

0.54

0.56



TEST
m:'? .

+78°F

+780p

-1CO°F

-100°F

=423°F

-, 23°F

»

.g,n'»

DIRECTION
—

leng.
Leng.
Lcng.

Ave.

hans.
Trans.
tve.

Long.
Leng.
Ave,

Trens.

Trans.

Trens.
Ave,

Long.
Long.
Ave.

Transe.

Tronse

Tr-ns.
tve.

Long.
Leng.
Long.

Ave.

Trens.
Trans.
Ave.

TABIE IX

Fy
ksl

124
123

133

123
172
133

2
140
1.7
19

U8

150

19

197
296
137

194
195
424
194

241
232
239
240

230

<35

Ftu
ted

146
Lz
11

1.3
139

e

129

159

227
158

158
158
158
158

214
ATA

4
«

s oliws EERR KBE BEEER

*

ks R ElBEE P2

NCTCHED T.C.

(E4=6.3) ksi

1
18

176
178

1R
180
180
155
155
193
198
5%
173
162
168

150
196

193

131
150

141
161

221
156

Fal=233

rrpe 19

cndard Ircperties of Titenium 7AY-170r Alloy

0.050" cheet, Crucible, Heat R-22301, Mill Arreeled 1650°F, 1 Br.

NCTCHED/UNNCTCHED

TENCIIE RATIC

1.2,

1.29

0.98

1.24

0.79

0.91

0.56

0.63



TEST

- vt

IEMP,

+78%p

+78°F

-10C°p

~100°F

=320°F

-3200p

-, 23°F

~, 23°F

1€6-129 \\\
Page 20 N

TIBLE X

Hrchanteel Preverties of Titronium 41-2Ch-1T= flloy

0.C26" theet, Reactive Metels, Heat No. 23732, Mi1l1 Annealed

DISECTICON Ftv Ftu el. KOTCIED TLS. YOTCHED/UNNOTCHED
kel s ) (h#=é.72 rsi TENCTIE TATIO
Long. 121 1,41 2 172 ‘
Long. 130 13 12 175
Long. 2 u3 & 160
Ave. 131 142 12 169 1.19
Trens. 129 1.3 A 169
Trans. 2 151 u 166
Ave. 129 1,0 SVA 168 1.20
Leng 156 165 13 196
Leng. 156 165 13 198
Long. 155 165 1 19
Ave. 156 165 13 198 1.20
Trans. 151 161 9 191
Trens. —_— — — l&l
Ave., 151 161 9 31 1.19 |
' |
Long. 195 207 13 240 |
Long. 204 221 12 248
Leng. = 23 13 <42 .
tve. 204 <17 13 244, 1.12
Trans, —_ —_— — 204
Ave. X4
Lerg. 252 2 0 207
Long. U8 264 1 243
Long. — —— - 29
Ave, 250 265 1 227 0.86
Trans. 215 LB 0 158
Trans. — 2 1 201
Ave, 215 263 1 180 0.68



VEG-133
Page 21

TABIE X1

Yechrnicel Proverties of Titanium 5AL-2,75 Cr-1.25 Fe, Alloy

0.250" Flete, Crucible, Heat R-11730

TENCILE V=400 0K
TEET STRENGTH 4 4 ClARYY DFACT
connITl TR, red (1) EICHG R.A, FT. 1°C. [
Pnrealed LL25°F, 1 hr. +70CF 157,900 15.9 43,6 27.5 {4)
air cooled
~320°F 234,790 (4) 244,100 13,1 18.8 . 7.7 (4)
Heet Trested, 145CCF  +70°F 163,500 (4) 184,000 7.7 13.3 4.0 (4)
1 hr. weter quenched, _
9C0CF, 6 hrs. air cocl =320C0F 256,000 (4) 269,900 2.2 4.0 24 (&)

(1) sTensile test specimens were C.113* diameter rcurnd shenk, with 0.45" gage length,

(2) V-YNotch Crarpy irp-ct crecimens were twice sianderd width (C.788"), 1/2 standard
tiicknees (O.l?7“§, ard 1/2 standerd noten depth (0.0239%), tut with standsrd notch
contour,

(3) Averege of 5 tersts; lengitudinal to grain directicn.

(L) Arver-ge cf 2 tests; lengitudinal to grain directionm.



N ‘ .

|
3

+780%p

+78CPF

-320%

-320%

~4220P

~23°F

TABLE XII

YMeek-picel Provertics of Titentvm 6817 & Alloy
0.2090m Sheet, TICA, Hest M=£619, M1l Annealed

DIFECTION F, F el. NCTCHED T.S. NOTCHED/UNYOTCHED
S Y (14=6.3) xsi TENSIIE PATIO
Long. 127 137 13 163
Leng. 127 136 13 162
Long. 228 136 13 1€l
e, 127 136 T 162 1.19
Trans. 128 136 13 168
Trans. 28 135 13 168
Ave, 128 136 13 168 1.24
Long. 209 215 12 231
Leng. 210 215 12 23%
Leng, 209 216 13 26
Ave. <09 <15 12 233 1,08
Tr!:nSo 210 214 12 246
Trons. 9 24 13
Ave., 210 21 13 2,6 1.15
Long. 260 260 2 163
Lorg. 259 259 2 162
Lorg. £0 260 2 161
Ave. 260 260 2 162 0.62
Trang. bINA 262 4 168
Trans. 221 252 2 168 .
Ave. 2B 267 3 168 0.65
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Fage 23
TASLE X1
‘ Mecranicos)l Preperties
0.063" Sheet, TMCA, Heat X-2307, M1l Annesled
, TECT ~ DIRECTION  F, Fy, el. [KOTCEID T.S. XCTCHED/ HELIARC WELD JCINT
. TEMP. v (K=5.3) kei UWCTGED 3UTT WELD  EL EFF
f kel ksl % TENCILE  T.S., ket % %
B RATIO
+78°F Long. 28 11 1 157 1.2 10
Long. 120 hVAY 12 156 u2 10
Long. REE D VAR & § — RV 10
Ave. 129 %1 o1 157 1.1 142 10 100
+78%p Trans. 135 hVAS 13 169
Trens. 27 ue pLs>)
Ave. 126 146 13 169 1.16
-100°?*  Long. 187 166 9 170 168 9
Leng. 158 166 12 164 : 168 10
Long. — —_ 16 10
Ave. 158 166 11 167 1.01 168 10 100
‘ . ~10°F  Trens. 161 168 10 186
Trens. 60 19 11 183
Aive. 161 165 1 185 1.09
-320°F  Llong. 212 220 10 200 21 8
Leng. 211 219 1 181 221 11
Leng. €9 2171 8 — 221 iz
CAve. 211 219 10 91 0.27 221 10 100
-320°F  Trane. 213 218 8 182
Trans. 217 222 n 191
Irens. 2 218 1 —
Ave. 2 219 10 187 0.85
. —%423°F  Leng. 29 258 - 185 ' 270 5
Long. 248 256 2 181 92 3
Leng. 2 29 2 — 263 -
Ave. 245 253 2 183 0.72 275 4 00
~,23° Trans. 245 254 2 182
Trens. 251 261 2 191
Tracs. — 29 1 —_—
Ave, w 255 2 187 0073

L s A e —————_ -+ it A<
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+78°r

+78%F

~,23%¢

-4 23°F

TABLE XIV

Mechanic-l Freperties cf Titenium 6A1-4V 2lloy

0.063" Creet, Heat B-23132, M111 fnnealed

DIFECTICN

Lernge

Long.
Ave.

Trans.
Trans.
Ave.,

Long.
Long.
Long,.

Ave.

Ieng.
Long.
Lcng .

Ave.

Trans.,
Trans.
AVEO

F
t
k¥

121
21
123
127
1
138

8

R R
W N

|

N
o~
W

K

F
x5t

133
134
134
145
143
5

217

7
271
255

255

255

el.
£

8 Elks El:b

l\_)' SN ]

MlNN

oUCHED TGS,

v,
AR

(E4=6.2) ¥si

151

49
150

167

167
167

185
1

182
1

172
175

NCTCHED/UNNOTCHED
TLVSIIE RATIO

1.12

1.15

0.67

0.6



TEST
TEMP.

+780F

+78°F

-100°F

-100°F

~3200F

-320°%

L

baop

~,230F

DIRECTI

Lorg.
Leng.
Long.

Trens.
Trens.

Iﬁngo
Leng.
Leng.

Trans
Trans.

Long.
Long.

:‘rﬁnso
Transe.

Lensg,

Leng.
Leng.

Trens.
Tr-ns.

TABEL XV

1IC-129
tage 25

Meorenienl Provertles of Titenium 6A1-4V Alloy

C.063" Sheet, Heot M-2326z, Mill Annealed

ON

Ive.

Lve.

Ave.

Ave.’

Ave,

Ave,

Ave.

Ave.

F

98
104

106

127

127

125
122

iz

145
i
5

177
166
11
173

198

122
197

227
230

Ftu
kel

137
11
243
Ll

157
21
157

i
171
7

il
mn
174

223
215
212

219

215
237
216

o]
[

rloa plvorn srhw vkheb i oo EEEE wlee ElKE ~

NOTCHED T.S.
(Ey=6.3) ksi

154
b
b1A:)
19

168

367
168

162
154
261
159

174

171
173

193

200
'303

2

91

184
188

174
173

1%
162

161
162

NOTCHED/UNNOTCHED
TEYSIIE RATIC

1.06

1.07

0.93

0,89

0.87

C.67
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+78%p

+78%

-100°F

Yecranicrl

TASLE XVI

Irorertiec ¢f Tit-nivm 621-4V Alloy

MIG-129
Fare 26

0.C20" Creet, Solutien Trented (17050F, 30 Min., WQ)

DIFECTICN

Long.
Lcr.g.
Leng.

Ave

'I&'MASO
Trans.
Avé

Lcng.
Leng.
Ave

Trens.
ﬁ'&ns.
Lve

Long.

Lcng.
tve

Trane.
Trans.
Ave

Long.
Long,
Long.

Ave

Trans.
Tranc.
ive

I3

N
Q
~

gR
[e a8

0] 149
O
(2= T ol

MY N
R %

)
~J

r;u el.

i
160
159
16
158
157
140
159

195

mlon olor o EEE olnae KEE SEe EFEB xlow-a F

NOTCHED T.S.
(¥.=6.2) s

170

182

182

178

180

170

175

187

420
18

1»
5
150
18
194
‘17
169
17

152
152

B2
158
110

12
130

NOTCHED /T OTCHED
TENCILE RETIO

1.13

1.10

0.99

0.80

0.72

0.61

0.47
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TABIE XVII

Yecrnnicol Fropertles cf Titrnivm 6814V $1loy

. 2" to 3/4® Vell Thickness, Herdisphericel Forgings, Hezt Treated

TEST DIRECTION

TEMP.  WITE BESFECT  YIELD STRLNGTH  TENCSILE STRENGTH < %  VXOTCH GiRIY (5
76 TEMIMN FLOW ci rsi FLOYG, B2, f+. ibe,
+70°F Leng. 127,700 (1) 146,200 27.0 53.5 1.0
+7COF Lerng. 122,3C0 (1) 147,800 27.5 53.1 1.8
+70°F Trsns. 133,200 (1) 156,400 26.5 34.8 16.0
+700F Trense. 133,000 (1) 154,000 25.5 38.0 1c.2
-3200F Long. 225,300 (1) 232,800 1.1 30.0 9.5
~320°F Long 229,200 (1) 234,200 13.3  28.8 9.8
~320°F Trens. 236,800 (1) 244,300 13.3 23.6 8.0
-3200F Treans. 236,100 (1) 245,100 1.1 22.0 8.4
+70°F Leng. 137,000 (2) 156,100 6.2 52.6 17.7
+7COF Lorg. 138,10 (2) 153,300 16,2 45.1 15.0
-3200F Long. 222,700 (2) 236,400 n.1 3%.4 10.0
~3200F Long. 237,8C0 (2) 244, ,100 11.8 27.5 9.0
+70°F Trans, 140,800 (3) 153,500 10 21.9 -
brge metal
@ -xoor Trens, 220,700 (3) 228,600 8 26.2 -
bese metal
+7COF Trans, 140,100 (4) 153,100 8 22.0 -
~320°F Thru pressure 232,500 (4) 238,800 g 31.9 -
veld :
NOTESs

(1) Specirens from same forging, Fed. Std. 151, Specicen R4, 0.160* diam.
(2) crpecirens froz encther forging, Fed. Std. 151, Specimen R4, 0.160" diam.
(3) Specimens from bece metal cf snotier forging, C.113" diem., 0.625" gage length.

(4) Crecimens wit* prescure weld trensverse tc middle cf gare length. 0.113" dism.
I ¢ } of . ’
0.625" roge length. Specirens mnachined efter precsure welding snd heat treating.,

(5) Double width, helf trickness of stendard 0.394" scusre rpecimens, with half
standrsrd Zepthe

A1) fergirgs were hest trested. 17250 - 1750°F for 2-4 heurs, wnter quenched, aged
10259 - 10Z00F for 4-2 hcurs, air cooled,



TABLE XVIIX

Yeerernizel Froperties of Titanium 6£1-4V Alloy

0.75" Tieck Focrging — TMCA, Heat %o. snd Chemistry Unknown

NCOTCHED (2)

TENSILE (1) TENSILE

FCORCING AND TEST YIELD STRLNGTH % STEENGTE
LEIT TnErTMEMT BE, CTIXVOTY rsi _psh EICrG, PR.2. _pgl
Low finich fereing +78°F 176,800 187,800 10.9  37.3 -
temperature, air

cooled,

herted to 1725°F,  -320°F 238,000 253,400 8.7  33.9 254,000
1l hr., water guenched,

1050°F, 3 hrs., air

cooled.

Forged at 1850°F, +78°F 143,300 172,500 10.0  15.0 -
cocoled, heated to
1725¢F, 1 hr., wster

guencred, 1050°F, 3 hre.

eir Ccoled. .3200F 239’7m 2‘53,600 3.8 7.4 ?36,500

#(1) Ctenderd C.252" clemcter tensile tect cepecimen, 1.0% gage length.

(2) XNctched tencile rpeciren, 0.223" dirmeter sway frem neteh, circumferertially
0o Tonn

nctched te dinmeter under notch of 0.2CC0", €0° rngle rnctch, root redius .0025%,
Stress Cencentretion, Ky=6.3.

(@)
.
¥

(NS



TLRIE YITY

potak NN

- -
T
[SNVA TS

Fege 29

Ypchonicel Preverties ¢f Welsled Jeirte 4n Titerivm 6814V Alloy

late, ileli-erc Butt Welds, V" Joints, Welde Completed with 4 Passes of Flller Wire,

<T CTRLES EELIEVED FELT TREATED

6'11"{&'; EOSAl":’.-SV Ti75A 6.&1-&"7 3-5,%1-2.5\( Ti’:f i

Filler Filler Flliier Filler Filler Filler

Wire wire Wire Wire Wire wire
Terrcile Strength, 139,420 127,600 101,800 171,200 147,200 115,700
+7C°F, weld mechined 129,500 122,400 98,220 168,300 129,400 119, 3%
Tensile Strength, 141,7C0 126,200 129,200 173,300 170,600 132,730
+70°F, weld not 1.,0,70C 137,500 125,00 173,500 166,000 129,30C
machined
Tencile Strerngth 217,600 138,400 168,700 248,000 209,500 134,20C
-320°F, weld 203,800 173,300 246,300 180,600 117,10
mrchined flush
Tencile Strengtk, 220,200 219,300 185,000 249,500 232,500 157,807
~32C0F, weld not 221,200 219,400 135,700  251,00C 228,600 157,200
machined
% Eleng., +70°F, 11.0 4.0 3.0 4.0 3.5 2.C
weld machined flush 11.0 3.0 3.0 45 2.5 1.5
£ Elcng., +70°F, 13.5 1.5 5.0 12.0 5.0 3.0
weld not rachined 12.5 B.5 445 12.0 4.0 4.0
% Elong., -320°F, 11.5 3.5 3.0 2.0 1.5 1.0
weld melcined £lush 2.5 2.5 2.0 2.0 1.C
% Elcng.’ -32001’ 17.0 28‘5 L.o 300 4.5 V 2oc
weld rot mechined 45 7.0 3.5 2,0
V-lctch Charpy, 17.0 21.5 25.9 10.0 23.0 6.0
+70fF, ft. lbs. 10.0 22.0 i A 8.0 2.8 7.C
V-Xctch Cherpy, Tody 10.5 16.7 4.0 10.5 £.0
°32OOF, ft- lb‘a . 602 10.8 ]3.5 5.1 1305 [b-g

NOTESs

Stress relieved - 1300°F - 3

Heat treasted - 1725°F - 1
10500F - 2

hr. at temp. air cocled, after welding.

Lr. at texnp., woter quenched, aged at
ars., eir cccled, after welding.

Teneile test specimens - Ped. Std. 151, Type F2, flat tect specimen,
wveld trarsverse to axis.

V-rcteh Cheriy test siecirens - Twice stardard width, half stenderd thicknees

- i w Ly

‘2 sternderd deptn of rcteh; mpoicred in weld metal.



-320°F

~,z3%

TABLE IX

Moropicel Properties ~2 Tiirviunm 12V-11%r-3A1 Alloy

0.062" cheet, Crucible, Sclutien Anncnled (1£00°F, 30 Min., AC)

DIRECTICN

Long.
Leng.
Long.

Long.
Long.
Lo:ng.
Long.

Long.

Ave.

Ave,

Ave.

tu

135
135

135
228

z88

Rl BR P

KCTCHED T.S.

(Laz6,3) ke

NCTCiED/UKNOTCHED

T:USILE RATIQ

161
162
160
161

149
180
87

820
159

133
121
132

1.19

0.55
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TABIE XXI

Vechzpiord Froverties ¢f Tdtonium 1°V-313Cr-321 Alloy

0.062® theet, Crucitle, S.T. ind Ared (S0C°F, 20 Hr., A.C.)

TEST DIFECTION  F ¥ el. KOTCHED T.S.  KCTCHED/UITCTCHED
TEVE.: ' R Y S (E2=6.3) kel ~c1IE RATIO
+78 Leng. 159 176 8 173
Long. - = s 373
tve. 159 1% 8 173 0.98
-3209F  Long. 129
~ Long. —_— — - 2423
Ave. l37
-1’02301" Long. 9907
Leng. - —-— — 23,1
Ave. 91.4

0.062" Sheet, Crucible, S.T. And Teed (900°P, 72 Hr., A.C.)

+78°F Long. 181 201 6 169
Long. _— 160

Pfve. 181 201 & 165 0.82
-2200P Long. 17
Long. —_— —— - 23
Ave, 110
-4,23°P Long. 97
Long. —_— — - 122

Ave, lm




TABLE XXIX

Yechohicel Ireperties of Titeniur 12V-11Cr-321 Alloy

te “ccelved - 11 Annerled

TErSIE (1)

0.250 Plote, Crucible, Heat R-98103

LI o B T
Laleld 22

ey

Page 32

TEST YIELD STRENGTH STRENGTH 4 % V-KOTCH CHIRFY 12T ¢
pImunnIey T:*P., CF o5 (FPET, 181 _1si ELCXG. R.S. t. 1bc,
Trans. +70 14C,600 150,400 18.8 54,0 e 6,0
Trens. +70 140,400 148,200 17.2 53.0 -
Longo +70 l36'300 11.1.,300 21.9 5500 -

ne e +70 137,700 145,800 12.8 5.0 -
Trens. ~320 - 251,700 1.5 1.5 l.4
Trens. =320 - 239,800 1.5 0 1.5
leng. -320 - 148,400 1.5 0.5 -
Long. «320 - 197,000 1.5 1.0 -

»

Aone-1ed nt Cenveir-pcireneuntics, Fented te 14009F, Yeld 33 rinutes, nir coclegd
Trans. +70 139,200 144,100 21.9 54..0 10.0
Trans. +70 137,600 1,4,900 17.2 52.0 9.9
Long. *70 133’500 L&O,gm 23‘4 59-0 -
Long. +70 124,200 141,500 21.9 56.0 -
Trans. =320 - 214,900 1.5 0.5 1.3
Trans. -320 - 246,300 4.6 1.5 1.5
Lcng. "320 - BA,BOO 105 100 -
Long. "320 - 265,8% 105 0 -
NCTESs

(1) Tensile test csrecimens were 0.160" diameter round shank, with 0.64% gage lenrth.

(2) V-ucten Charyy cpecimens were twice stendnrd vidth (0.78Sm), 1/2 etandard thicknecs
(0.127%), rrd 1/2 ctrnénrd roteh depth (C.020"), but with ctond-rd netch contour.
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